Intravascular haemolysis has been found to result from prolonged endurance competition, rigorous military training and participation in impact sports. Haematological research involving the recreational runner is sparse. Recreational runners frequently vary their training to avoid monotony and improve endurance capacity. This study investigated the haematological effects of a typical day of increased distance training in 15 male recreational runners (62.4(3.1) ml kg-1 min-' treadmill Vo2max; 44.6(8.4) Despite some newer forms of aerobic exercise such as aerobic dance and cross-training sports like the triathlon, running continues to be extremely popular. It is estimated that there are more than 30 million runners in the USA alone. The great majority of these individuals are not competitive runners. However, they do alter their training so as to avoid monotony and to improve their cardiorespiratory endurance capacity. The haemolytic effects of such changes in training in the recreational runner remain largely unexplored.
urinary loss of iron. Increased intravascular haemolysis has been observed to occur as a result of rigorous military training2 and from participation in impact sports3 . It has also been recognized in unfit individuals suddenly subjected to a strenuous bout of exercise5 and in highly trained endurance athletes after marathon6 and ultra-endurance competition7 8. More recently, an intensive training programme consisting of vigorous isometric and isotonic exercises9 and high amounts of training in well-trained middle-and long-distance runners10 has been investigated and shows evidence of increased intravascular haemolysis. No evidence exists regarding the haematological effect of a typical increased daily training distance on the moderately trained, 'recreational', endurance runner.
Despite some newer forms of aerobic exercise such as aerobic dance and cross-training sports like the triathlon, running continues to be extremely popular. It is estimated that there are more than 30 million runners in the USA alone. The great majority of these individuals are not competitive runners. However, they do alter their training so as to avoid monotony and to improve their cardiorespiratory endurance capacity. The haemolytic effects of such changes in training in the recreational runner remain largely unexplored.
The purpose of this study was to examine the effect of increasing the distance of a daily training run, by a typical amount, on the development of intravascular haemolysis in moderately trained endurance runners. Haematological, morphological and urinalysis measures were selected to study the effects and time course changes during recovery.
Patients and methods
Fifteen endurance trained Caucasian men volunteered to participate in this study. Each subject had been running 32-56 km per week and possessed a maximal oxygen consumption (VO2max) in the range of 55-65 ml kg-1 min-'. All testing procedures were carefully explained and each subject signed an informed consent form before participating. A training questionnaire was also completed at this time. Percentage body fat was determined as described by Zuti and Golding"1. Table 1 displays the physical and   physiological characteristics of the subjects while  Table 2 presents their training characteristics. surface comprised a mixture of dirt and gravel (the soft shoulder of a road) with occasional stretches of blacktop. Seven of the 15 subjects ran on the first scheduled day, four ran on the second day and four ran on the last day. The subjects were instructed not to run longer than their average daily training distance for at least 4 days before the 13-km run while maintaining average daily training intensity, and also to resume typical training distances after the 1-day blood draw but not to do any longer or more intense runs than they would normally do until after the final blood draw. The intention was to observe the selected variables during the normal course of training in a group of recreational runners with a minimum of experimental interference.
On the day of the run, subjects were instructed to run the 13km as though it was a hard training run. They were reminded not to compete with each other but rather to run at a training pace that was typical for them, for this distance. Subjects ran on the same day only for ease of post-run data collection. Each subject agreed at the end of the 13km that his effort was similar to a typical hard training run as indicated on the training questionnaire. The environmental conditions and times for the training run are shown in Table   2 .
With the subject seated, fasting venous blood samples (12 ml total per draw) were collected by an experienced certified phlebotomist for analyses before the increased distance training run and at selected times after the run (within 1 h, 1 day, 4 days and 10 days). The pre-training run values were considered to be representative of typical training status. Extreme care was taken during the venepuncture to avoid the possibility of any haemolysis from the blood draw itself. All samples were transported on ice to a nationally accredited (joint Commission on Accreditation for Hospitals) clinical laboratory. Using anti-coagulated ethylene diamine tetra-acetic acid (EDTA) blood, the haematological assays were performed within 
Results
The endurance runners in this study averaged 44.6 km of running per week while training, on average, 4.7 times per week and 8.9 km per run ( Table  2 ). The mean maximal oxygen consumption value of 62.4 ml kg min' for this group is greater than the typical VO2max value of 39.1 ml kg-' min' reported for individuals ofthis age and sex"6; lower than the value of 70-85 ml kg-' min' reported for elite male endurance runners'7; and similar to the 60.6 ml kg-l min' reported for other male recreational runners'8. In addition, these runners were leaner than the average man for their age group, 12.1% versus 20.1% body fat '6 and not as lean as high calibre endurance athletes:
12.1% versus 5-8% body fat'7.
Only two of the runners had run in a race (both 10km) during the 6 months before the study, and none had ever run a half or full marathon. The 13-km training run represented the average distance of what the runners in this study currently used as an increased, once a week, training distance, as stated on the training questionnaire. The range of distances used for this purpose varied from 9.6 km to 16km with about half of the study group reporting 13km. Evidence for the increased effort required to complete this increased training distance can be seen in the significantly (P < 0.05) elevated LDH levels as measured within 1 h after the training run and compared to the pre-training run values ( Table 3) .
The mean haematological values for haematocrit, haemoglobin, red blood cell count, haptoglobin and mean cell volume for each of the measurement time periods assessed are shown in Table 3 . The haematocrit and red blood cell values increased significantly 1 h after the increased distance training run when compared to their respective pre-training run values, after which time both decreased significantly; that is, 1-day values were significantly lower than 1-h post-training values for these two variables. Red blood cell values were significantly lower than pre-training run values when measured 1 day and 4 days afterwards. The haemoglobin concentration measured 1 day after the increased distance training run was significantly decreased from the pre-training run values and remained so when measured 4 days and 10 days after the run.
Haptoglobin was significantly lower 1 day and 4 days after the increased distance training run but returned to pre-training run values by the tenth day. Serum potassium and bilirubin were initially significantly elevated, as measured within 1 h after the training run, but were not significantly different from pre-training run values when measured thereafter (Table 3) . LDH, haptoglobin and serum potassium were the only variables outside the normal range during any of the measurement times, and all of the variables selected for the study were in the normal range at the start of the study and at the end (10 days after the training run). They were only outside the range after the 13-km run.
Urobilinogen was significantly elevated 1 h and 1 day after the increased distance training run and returned to within the normal range thereafter as measured 4 days and 10 days after the training run (Table 3) . Morphological changes following the increased distance training run are also shown in It can be concluded from the results of this study that intravascular haemolysis also occurs in the recreational runner. Evidence for this included significant 1-day decreases in haptoglobin, haemoglobin, red blood cell and haematocrit and the immediate post-training run increases in bilirubin, serum potassium and urobilinogen. Morphological evidence included significant increases in poikilocytosis as measured 1 h, 1 day and 4 days after the increased distance training run, and increases in reticulocytosis and mean cell volume 4 days afterwards which were not significant. With the exception of haemoglobin, all of the observed significant changes following the increased distance training run returned to pre-training run levels by the tenth day after the run.
The increased intravascular haemolysis that occurred in this study with these recreational runners can be described as transitory and mild; transitory because of the non-significant variable differences observed on the tenth day after the training run as compared with pre-training values. Other studies using highly trained subjects have reported decreases in haemoglobin of up to 2.6gdl-1 (reference 8 runner. 
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